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in diameter (PM13), and ozone (03) (4 stations). Daily mortality and general admissions to public hospitals due to respiratory causes were considered. The statistical analysis was based on a time series procedure using linear regression modelling followed by a Poisson regression. Meteorological variables, epidemics ofinfluenza A and B, and strikes of medical staff were included in the models. The mean daily concentration of PM13 and daily 1 hour maximum ofSO2 significantly affected daily mortality from respiratory causes. An increase in the concentration of PM13 of 100 ttgIm3 above its 5th centile value increased the risk of respiratory death by 17%. PM13 and BS were also associated with hospital admissions due to all respiratory diseases (4 (Jr Epidemiol Comm Health 1996;50(Suppl 1):S42-S46)
In 1990, the Regional Council of Ile-de-France (the greater Paris metropolitan area) asked the Regional Health Observatory (ORS) to assess the health impact of ambient air pollution. Since ORS at that time had no specific experience in the field, it appointed an interdisciplinary team to propose a study design.
After reviewing the international reports published during the 1980s'-3 this team recommended that a time series study be conducted, for the following reasons: (i) since the Paris region is not a heavily polluted area, the detection of a health impact using traditional epidemiological study designs could not be expected; (ii) exploring the feasibility of a monitoring system that could function routinely might lead to other public health benefits (ORS had already successfully experimented with such an approach to influenza epidemic surveillance);45 (iii) the required data were available, at acceptable levels of validity and at low cost. This project was implemented under the name ERPURS ("health risk assessment of urban air pollution").
ERPURS was already underway when we were invited to join the APHEA programme in its proposal stage, in 1992. This opportunity allowed us to share design strategies and solutions with other teams working on the same problems, with all the methodological advantages such exchange provides. We report here the results of this APHEA collaboration: an assessment of the impact of ambient air pollution on respiratory mortality and morbidity.
We term care (all university teaching hospitals, with roughly 800 000 emergency and planned admissions each year). At discharge, the attending physician noted the principal diagnosis, coded according to ICD-9. This paper focuses on respiratory disorders (ICD-9 codes 460-519).
STATISTICAL METHODS
Statistical analysis followed the APHEA protocol and used an autoregressive Poisson model.9 The core model was built controlling for long term trends, seasonal, weekly and daily patterns, meteorological factors, influenza epidemics, and holidays. Moreover, we took into account the effects of a strike of medical residents and nurses in public hospitals, because this clearly affected the level of hospital admissions. Only the best fitting transformations and time lags (lag 0,1,2 and cumulative lags over 4 days) are shown.
We give the results of the Poisson regression as the relative risk of a concentration 100 gig/ m3 greater than: the 24 hour reference value (calculated as the 5th centile of the concentration distribution) for BS, PM13, SO2, and NO2; the mean of the 1 hour maxima for S02, NO2, and O3; and the 8 hour mean reference level of 03. The value of the e coefficient, as well as its SD, is also provided. Core model for mortality from respiratory diseases: sin and cos term for 2 years cycle, sin and cos up to 5th order, year, interaction (years * sin and cos except 3rd order), day of the week, influenza A epidemic (1990, 15 days lag), temperature, humidity (lag 0), interaction (years * temp), 3 days of high mortality in August '90. 
Results
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RELATIONSHIP BETWEEN AIR POLLUTION AND HOSPITAL ADMISSIONS FOR RESPIRATORY CAUSES
We found that 24 hour concentrations of BS, PM,3, and SO2 significantly increased the relative risk of hospital admission for respiratory diseases, overall. Again, the strongest association was observed with PM,3: the risk increased 4-5% when its concentration that same day was 100 pg/m3 higher than its reference value. The effects of 24 hour levels of SO2 were constant for the three categories of respiratory disorders. In general, the daily 1 hour peaks yielded lower relative risks; the exception was 03.
The highest relative risk of COPD admissions was obtained with 03 levels, but it did not reach statistical significance. Only SO2 indicators were associated with a significant elevated risk with no lag.
The relationship between the 24 hour level of NO2 and admissions for asthma is the strongest association observed in this study. The relative risk for a concentration 100 ig/iM3 above the reference value is 1 175 (no lag). The relative risk for the 1 hour NO2 peak is also significant.
No relevant interaction between the health effects of the air pollution and the season was detected. 23 Its ecological design and lack of precise exposure estimates necessitate prudence in drawing any conclusions of causality from our study. The various pollution indicators yielded similar estimates of relative risk. The degree of toxicity of the gases and particulates that we routinely monitor must also be assessed cautiously. The assortment of pollutants measured and of indicators calculated (1 hour maxima and 24 hour means) must be considered as proxy indices for the complex phenomenon of air pollution: they do not point specifically and solely to these pollutants.
Discussion
The size of the population and the use of the influenza monitoring system that permits epidemics to be controlled for are the two greatest strengths of our study. Its primary limitations are the inability to distinguish emergency from planned hospital admissions and the quality of the PM13 measurements.
The absence of relevant interaction between pollutants and season may mean that the effect of the seasons was already taken into account during the modelling process or that the effects of air pollution in Paris are stable throughout the year. The latter suggestion is consistent with the moderate seasonal variability in the region. In a city like Paris it seems reasonable to believe that the time spent outdoors is fairly constant throughout the year. Because the influence of influenza epidemics was removed from the model after seasonal patterns were controlled for, it is difficult to analyse the specific role influenza A may have on COPD and influenza B, on asthma.
Air pollution in the Paris region does indeed have adverse effects on short term respiratory health, as indicated by the weak but consistent relative risks that are characteristic of low pollution areas. The number of persons exposed and the presence of especially vulnerable groups such as those with asthma point to the need for increased attention to these results. Although the risks observed in the general population are weak, it is reasonable to assume that they are much higher among susceptible groups. Our findings for asthma provide support for this hypothesis.
Mortality and hospital admissions, it must be stressed, are effects that appear late and are very serious. Two directions of research should now be followed. This study ought to be continued on a permanent basis, and its scope extended. The objective should be a more precise estimation of the risks related to constituents of air pollution, such as particulate matter, for which better measurement techniques are now available. Health effects that may be more sensitive to air pollution levels than mortality and hospitalisation include, for example, emergency house calls. These indices should be measured. Since we did not explore a possible harvesting effect (depletion of the vulnerable population after a long period of high pollution), it might also be interesting to undertake extensive time series studies based on individual exposure estimates.
Finally, the meta-analysis of the data collected in the cities collaborating on the APHEA project should improve the assessment of the health risk for low levels of exposure to air pollution.
This study was supported by the European Economic Communities, the French ministries of Health and Environment, the Regional Council of Ile-de-France, ADEME and the Medical Studies Department ofElectricite de France and Gaz de France.
